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METAL STRIP FOR THE MANUFACTURE OF COMPONENTS FOR 
ELECTRICAL CONNECTORS 

The invention relates to a metal strip for the manufacture of components for 
electrical connectors comprising a metallic core and a galvanically deposited metal 
containing composite coating layer. 

The invention also relates to a method for the manufacture of such strip, an 
electrical connector comprising such metal strip and to the use of such metal strip for 
the manufacture of an electrical connector. 

In connection with the present application an electrical connector is to be 
understood as any means for making an electrical connection between two parts, 
such as but not limited to temporarily, permanently, by hand, by mechanical or 
electrical force, in single or multiple farm. 

A metal strip for use in electrical connectors is known from EP 0 849 373 Al. 
15 That publication discloses a metal strip from copper, iron, nickel, zinc or its alloys as 
metallic core which is coated with a coating layer mainly consisting of tin or tin 
alloy. 3h the most outer skin of the coating layer, 1 to 50 atomic weight percent of 
carbon is incorporated. The purpose of the incorporation of carbon is to obtain an 
improved wear- and corrosion behaviour, in particular fretting corrosion, while at the 
20 same time having an oxide free surface. 

That method for making the metal strip comprises applying a tin coating layer 
by hot dip tinning or electrolytic tin-plating into the metallic core. Subsequently, the 
metallic core with the tin coating layer is fed through an oil bath at elevated 
temperature above the melting point of the tin or the tin alloy to incorporate carbon 
25 in the tin coating layer. Preferably, to obtain a higher carbon content, the metal strip 
is cooled in a second oil bath. 

A problem with the known method is that at least one additional process step 

after applying the coating layer is required. 

Another problem is that the method can only be applied to coating layer metals 
30 of relatively low melting points. 

A further problem is that only carbon can be incorporated as the component to 
improve the desired characteristics of the metal strip as starting material for electrical 
connectors- 
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Howeyer, caibon only provides a solution for some, but not all requirements of 
electrical connections. So, the proposed method is only applicable for a limited 
number of applications of electrical connectors. 

It is an object of the present invention to provide a metal strip for the 
5 manufacture of components for electrical connectors with a large amount of particles 
in the coating layer, preferably all throughout the coating layer. 

It is a further object of the present invention to provide a metal strip for the 
manufacture of components for electrical connectors in which the coating layer has 
properties that are optimally adapted to the intended use of the electrical connectors. 
10 It is yet another object of the present invention to provide a metal strip for the 

manufacture of components for electrical connectors that can be manufactured in a 
dingle process step. 

It is a further object of the present invention to provide a metal strip for the 
manufacture of components for electrical connectors which gives more freedom in 
15 the selection of the metal matrix of the coating layer and of the particles embedded 
therein. 

These and other advantages are obtained with a metal strip for the manufacture 
of components for electrical connectors which according to the invention is 
characterized in that the metal containing coating layer is deposited by electrolytic or 

20 electroless composite plating. That cpating layer comprises a metal matrix and 
distributed therein particles selected from the group of particles having electrically 
conductive properties, particles having lubricating properties, particles having wear 
resistance properties, and particles having properties of increasing temperature 
stability or combinations of particles from those groups. This process is also refeired 

25 to as co-deposition in this application. 

Patent publication 5,028,492 relates to a composite coating for connectors. The 
composite coating comprises a ductile metal matrix of a selected composition and a 
uniformly dispersed polymer component In one embodiment of a method of 
applying the composite coating it is proposed to deposit die coating directly on a 

30 connector in an electroless or electrolytic plating process. 

According to the present invention the metal containing coating layer is 
deposited on an essentially flat metal strip, plate or sheet. This brings the advantage 
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of good controllability of the co-deposition process, a good uniformity of the 
thickness of the coating layer and a good homogeneity of the distribution of the 
particles within the coating layer, because side-effects are eliminated and non- 
uniform distribution of the electrical field is prevented. 
S For certain compositions the electroless plating process can be applied. This 

process has die advantage that it does not require an external electrical potential and 
contact to the metallic core during processing. The electrolytic process has the 
advantage of good controllability of the process in particular with regard to thickness 
and uniformity of the coating layer and can be applied to a wide range of coating 
10 layer compositions. 

There ate, depending on the application, several requirements an electrical 
connector should fulfil. A first requirement is a low electrical resistance. The 
electrical resistance may increase over time due to corrosion of the outermost layer of 
the material of which the contacts of the connector are manufactured. 
15 Also effects, known as tribo-oxidation or fretting may occur. In case the 

electrical connectors are used in a vibrating environment, closed contacts may move 
slightly in a tangential direction, relative to each other, thereby disrupting a formed 
oxide layer that can act as an abrasive, exposing non-oxydised contact material to the 
atmosphere. The abraded particles may deposit between the closed contacts, thereby 
20 increasing the contact resistance. 

A relative movement of the closed contacts may also be caused through 
thermal expansion of the used materials. Through changes of the environmental 
temperatures or as a consequence of heat generation caused by the current passing 
through closed contacts, the connector may change in temperature causing relative 
2S movement of the closed contacts. This may also lead to tribo-oxidation. 

Another important characteristic of a connector is the insertion force needed to 
insert a first part of a connector into the co-operating second part of the connector. 
Related hereto is the extraction force needed to disengage a connector. 

The metal strip according to the invention can be given die selected, optimum 
30 characteristics in dependence of the selection of the particles embedded in the 
coating layer. The most important characteristics being low contact resistance, low 
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oxidation, high corrosion resistance, low tribo-oxidation or fretting, low insertion 
and extraction forces. 

By selecting particles having high electrical conductivity a low contact 
resistance can be obtained The low contact resistance is maintained even when the 
5 metal of the metal matrix oxidises at its surface, in particular in the event the 
particles protrude from the metal matrix. 

By selecting particles having lubricating properties, a low insertion and/or 
extraction force can be obtained when the particles protrude from the metal matrix* 
An additional advantage is that fretting is also reduced. 
10 By selecting particles having high wear resistance properties it is achieved that 

under vibrating conditions or in applications requiring frequent insertions and 
extractions, contact wear is reduced Consequently, fewer particles ate rubbed off 
and built up between the contacts. This has the effect that the contact resistance 
increases less over time and/or use. 
15 By selecting particles having heat resistance and conductive properties it is 

achieved that under high temperature conditions, the contact resistance remains low 
and/or corrosion or oxidation is low, Le. the characteristics of the electrical connector 
are less temperature and time dependent. Hie particles having conductive properties 
Will make sure that the conductivity stays low, even if part or all of the coating layer 
20 oxidises. 

Preferred embodiments of the invention are given in the dependent claims. \ 
The selection of the metal of the metal matrix can be based on tire purpose for 

which the electrical connector is used and the conditions of use. 

The metal used for the metal core can be selected from a wide range of metals, 
25 also dependent on the purpose for which the electrical connector is used and the 

conditions of use. 

By co-depositing the metal of the metal matrix and the particles, it is possible 
to select the size of the particles within a broad range, such as between 0,001 \xm and 
15 pm, dependent on the composition of the particles and their purpose in the coating 
30 layer. Size is to be interpreted as the diameter of the smallest sphere enclosing a 
particle. 
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This co-riepositing also makes it possible to embed a broad range of volume 
fractions of the distributed particles in the coating layer, again dependent on the 
requirements during operation or the lifetime of the electrical connector. 

Since the process of co-d*positing on a flat strip, sheet or plate is very well 
5 controllable, the thickness of the coating layer can be matched very well to the 
requirements put on the connectors. Coating layers in the range of 0,2 - 10 um are 
preferred. Thinner layers in general do not meet the requirements; for thicker layers 
alternative processes could be considered in view of the time required for the co- 
deposition of the metal matrix and the distributed particles makes it possible to 
10 homogeneously distribute the particles in thickness direction within ihe coating layer. 
The coating layer, therefore, also has uniform characteristics over the thickness and 
the total coating layer does not need to be thicker than requited for normal operation 
during the lifetime of the connector or the apparatus in which the connector is used. 
The invention is also embodied in a method for the manufacture of components 
is for electrical connectors, wherein a metallic core is fed through a galvanic bath and a 
coating layer is deposited on at least one side of the metallic core. 

Such method is know from EP 0 849 373. A drawback of the prior art method 
is that this method is only applicable for a metal matrix of tin or its alloys in which 
an outer carbon containing layer is deposited. Furthermore, the method requires at 
20 least two steps: one step for applying the metal matrix and a second step for 
depositing the carbon containing layer. 

An object of the invention is to provide a method with which it is possible to 
deposit the coating layer in one single step and which method provides a great 
flexibility in the choice of the metallic core, and the composition of the coating layer. 
25 These objects and other advantages are obtained with a method which is, 

according to the invention, characterized in that a metal matrix and particles selected 
from the group of particles having electrically conductive properties, particles having 
lubricating properties, particles having wear resistance properties or particles having 
properties of increasing the temperature durability and combinations thereof, are 
30 deposited on the metal core to form the coating layer. 



y 
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The method makes it possible to apply in one single process step a metal 
matrix and distribution therein particles which can be selected from a wide range of 
materials, dependent on the desired characteristics of the composite coating layer. 
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CLAIMS 

1. Metal strip for the manufacture of components for electrical connectors 
comprising a metallic core and a galvanically deposited metal containing 

5 coating layer, characterized in that the metal containing coating layer is 

deposited by electrolytic or electroless composite plating and the coating layer 
comprises a metal matrix and distributed therein particles selected from the 
group of particles having electrically conductive properties, particles having 
lubricating properties, particles having wear resistance properties and particles 

10 having properties of increasing the temperature durability or combinations of 

particles from those groups. 

2. Metal strip according to claim l f characterized in that the electrically 
conductive particles ate selected from the group comprising carbonaceous 

15 materials such as soot, graphite, carbonaceous nanotubes: electrically 

conductive ceramic materials comprising borides, such as titanium boride and 
iron boride; nitrides such as titanium nitride and chromium nitride; sulfides 
such as titanium sulfide, tantalium dissulfide and molybdeen dissulfide and 
electrically conductive oxides such as titanium oxide. 

20 

3. Metal strip according to claim 1 or 2, characterized in that tire particles having 
lubricating properties ate selected from the group comprising polymers, such as 
PTFE, polyimide and polyamide; carbon containing particles such as 
essentially pure carbon, graphite, ceramic particles such as molybdeen 

25 disulphide and borium nitride and lubricating means containing capsules such 

as capsules containing polyphenylether or organic lubricating means and 
optionally the particles having lubricating properties also having corrosion 
inhibiting additives. 



30 



4. Metal strip according to any of the preceding claims, characterized in that the 
particles having wear resistance properties ate selected from the group 
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5. 

5 

10 6. 

15 7. 

20 8. 
9. 

2S 



comprising ceramic particles such as aluminium oxide, zirconium oxide, 



Metal atrip according to any of the preceding claims, characterized in that the 
particles having properties of increasing temperature durability ar© selected 
from the group comprising heat resistant and conductive ceramic particles such 
as aluminium oxide, zirconium oxide, silicon carbide, diamond-like boron 
nitride and titanium nitride, 

Metal strip according to any of the preceding claims, characterized in that the 
co-deposited metallic matrix mainly comprises one or more metals selected 
from the group nicked, copper, tin, zinc, chromium and alloys or combinations 
thereof. 

Metal strip according to any of the preceding claims* characterized in that the 
metallic layer mainly comprises one or more metals selected from the group 
low carbon steel, high-stoength steel, stainless steel, copper, including bronze_ 
and brass and multilayer composites alloys or mixtures thereof. 

Metal strip according to any of the preceding claims, characterized in that the 
distributed particles have a size in the range of 0.001 - 1 5 pin. 

Metal strip according to any of the preceding claims, characterized in that the 
volume fraction of the distributed particles in the co-deposited coating layer is 
in the range of 0.7% to 30% of the volume of the coating layer. 

Metal strip according to any of the preceding claims, characterized in that the 
thickness of the metal strip is in the range of 0.1 to 1.5 mm. 



silicon carbide, boron nitride and titanium nitride. 



30 11. Metal strip according to any of the preceding claims, characterized in that the 
coaling layer has a thickness in the range from 0,2 - 1 0 ^m- 
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12. Metal strip according to any of the preceding claims, characterized in that the 
particles of at least one group, preferably of all groups of particles, are 
homogeneously distributed in the coating layer. 

13. Method for the manufacture of a metal strip according to any of the claims 1 to 
12 for use for the manufacture of components for electrical connectors, 
wherein a metallic core is fed through a galvanic bath and a coating layer is 
deposited on at least one side of the metallic core, characterized in that a metal 
matrix and particles selected from the group of particles having electrically 
conductive properties, particles having lubricating properties, particles having 
wear resistance properties or particles having properties of increasing 
temperature stability and combinations thereof, ate co-deposited on the metal 
core to form the coating layer. 

14. Method according to claim 13, characterized in that the method is performed in 
a continuous or semi-continuous manner. 

15. Electrical connector or electrical switching element comprising at least one part 
thereof manufactured from a metal strip according to any of the claims 1-12. 



16. Use of a metal strip according to any of the claims 1-12 in the manufacture of 
an electrical connector or electrical switching element. 
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ABSTRACT 



Metal strip for the manufacture of components for electrical connectors comprising a 
metallic cox© and a galvanically deposited metal containing coating layer, whereby 
the metal containing coating layer is deposited by electrolytic or electroless 
composite plating and the coating layer comprises a metal matrix and distributed 
therein particles selected from the group of particles having electrically conductive 
properties, particles having lubricating properties, particles having wear resistance 
properties and particles having properties of increasing the temperature durability or 
combinations of particles from those groups. 
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